An electroweak model of SU(3) × U(1) gauge group is studied. From the group theoretical constraint, the symmetry breaking of this model to the standard model occurs at 1.7 TeV or lower. Hence the mass of the new neutral gauge boson is less than 1.7 TeV.
I. INTRODUCTION
A model of SU (15) , which includes doubly charged gauge bosons (Y ±± ) and their isospin partners (Y ± ), was proposed by Frampton and Lee [1] two years ago. The model conserves baryon number in gauge interactions, thus proton decay is naturally suppressed [2] . The process e − e − → µ − µ − would be the best experiment testing the existence of a doubly charge gauged boson. However, the only machine relevant to this process is operated at the center-of-mass energy 1.112 GeV [3] . Nevertheless, there are u-channel contributions to the Bhabha scattering e + e − → e + e − leading to the mass lower bound M Y ++ > 210 GeV (95% C.L.) [4] and right-handed current contributions to muon decay leading to the bound M Y + > 270 GeV (90% C.L.) [5] .
Motivated by a doubly charged gauge boson, a model of SU(3) L × U(1) X is introduced by Frampton [6] and Pisano et al. [7] . The former author looked for a simple solution which included dileptons Y ±± ; the latter author argued that Y −− is necessary in order to avoid unitarity violation for e − e − → W − Y − at high energies. Y ±± and Y ± are called dileptons because they couple to two leptons, thus they have two units of lepton number. Many other electroweak models [8] of SU(3) × U(1) were suggested some years ago with different choices of particle content. Here, this model has miminal particle content yielding some interesting new physics, such as stringent constraints on the new gauge boson masses.
The anomaly in this model is not cancelled within each generation. However, the representation of one of the quark generations is chosen in such a way that the anomaly is cancelled among 3 generations. Thus the number of generations is a multiple of 3. Note that the third and the first generation quark multiplets were chosen arbitrarily by the authors in Refs. [6] and [7] , respectively. In this paper, we show that only the former choice provides a consistent phenomenology.
breaking scales can be as high as the grand unification scale. Here, the breaking of SU(3) L × U(1) X occurs at 1.7 TeV or less (but greater than 250 GeV). Therefore, this model will be discovered or ruled out at the future colliders. We will organize this paper as follows:
Section II describes the model; in Secs. III and IV, gauge boson and fermion masses are discussed. Section V investigates flavor-changing neutral current processes; neutrino-hadron scattering is studied in Sec. VI; finally, the conclusions are presented in Sec. VII.
II. DESCRIPTION OF THE MODEL
The simplest anomaly-free solution [6] , which includes the standard model, of a gauge
X is given as follows: 
. In order to obtain acceptable masses for charged leptons, a sextet η is necessary. Hence, the required scalar multiplets are summarized as follows:
III. GAUGE BOSON MASSES
To obtain the gauge interactions, let us first define the covariant derivative for triplets 
As the triplet scalar Φ acquires a VEV, the symmetry SU(3)
Therefore we obtain
where g ′ /g = tan θ W . Therefore, sin 2 θ W has to be smaller than 1/4 at the breaking scale.
Below this breaking scale, there are three doublets, (∆ Since the result is very sensitive to the value of sin 2 θ W at M Z , we plot in Fig. 1 the breaking scale u as a function of sin 2 θ W (M Z ) for α −1 em = 127.9 [9] in the MS scheme. In particular, for sin 2 θ W (M Z ) = 0.2333 [9] , we obtain that the breaking scale is less than 1.7 TeV.
The breaking of the SM to U(1) em can be achieved by
and η 0 = w/ √ 2, where η ′0 = 0 is assumed for lepton number conservation. The charged gauge bosons
and
respectively. For v ′2 = w 2 = 0, we have an approximate mass relation,
Therefore, we would expect Y ± to be heavier than Y ±± .
The mass-squared matrix for the neutral gauge bosons
We can easily identify the photon field γ as well as the massive bosons Z and
where the mass-squared matrix for {Z, Z ′ } is given by
The mass eigenstate are
where the mixing angle is given by 
From the symmetry breaking hierarchy, η > v, v ′ , w, we obtain the lower mass bound of
In many extensions of the SM, such as SO (10), E 6 , L-R models, etc., the masses of the additional neutral gauge bosons are unconstrained in general. From Z-Z ′ mixing [10] , the lower limits are typically from 200 GeV to 1000 GeV, depending on the models. They can also be as heavy as the unification scale. This model, on the other hand, predicts M Z ′ to be within 400 GeV and 1.7 TeV. In addition, the masses of the new charged gauge bosons Y + and Y ++ are expected to be
which is depicted numerically in Fig. 2 . We find that M Y is always less than 0.5 M Z 2 . Therefore, we expect that the decays 
IV. FERMION MASSES
The Yukawa interactions corresponding to the scalar multiplets Φ, ∆, ∆ ′ and η are given as follows 
The mass matrix of the up-sector has the same form. It would be natural to assume that m b is much bigger than the other elements after the redefinition. Therefore, the mixing hierarchy will be D 
For the lepton sector, the charged lepton mass matrix is h 
V. FLAVOR-CHANGING NEUTRAL CURRENT PROCESSES
In this model, the interactions of Z ′ discriminate among quark generations. Since M Z ′ is expected to be smaller than 1.7 TeV, flavor-changing neutral current processes induced by Z ′ would be important tests for this model. As explained in Sec. II, the choice of an anti-triplet quark multiplet is arbitrary; here we first choose the third generation. To define the convention properly, we explicitly write out all the fermions and neutral gauge bosons (A, Z and Z ′ ) as follows:
T f , and
with 
There is no FCNC for the right-handed currents as the right-handed fermions transform identically. The B 0 -B 0 mixing will be calculated to be b -s transitions can also be induced by the Yukawa interactions GeV. The contribution from the first term is even smaller as v ≃ 250 GeV. [7] . This is in contradiction with the analyses in Sec. III. Therefore, in order that this model be viable, the third generation should be chosen to be the SU(3) L anti-triplet. In addition, due to the mixing hierarchy, the new contributions to B 0 s -B 0 s mixing would be important.
VI. NEUTRINO ISOSCALAR SCATTERING
Models with additional neutral gauge bosons, such as E 6 and L-R models, have been intensively investigated [10] . In particular, the mass bounds at 90% C.L. for Z 2 from neutrino-hadron scattering for E 6 (χ-model) and L-R models are 555 GeV and 795 GeV [12] , respectively. The corresponding mixing angles are bound to be less than 6 × 10 −3 and 5 × 10 −3 . Here, the coupling strength of Z ′ to quarks in this model is stronger than that of leptons; neutrino-quark scattering would be the most important process among the precision measurements.
In the low-energy limit, the four-fermion interactions are given by
where The above expressions, which can be obtained by taking the inverse of Eq. (3.9), are exact without any approximation. Hence, the ratio of neutral to charged current cross sections, 
